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RHIC	  Heavy	  Ion	  Runs	  
2012:	  first	  Ame	  for	  
RHIC	  to	  collide	  U-‐U	  
and	  Cu-‐Au.	  
	  
U-‐U	  193GeV	  run:	  
	  	  	  	  April	  19	  -‐-‐	  	  May	  15	  
	  	  	  	  5	  day	  setup	  
	  	  	  	  2.9	  weeks	  of	  Physics	  
	  
Cu-‐Au	  200GeV	  run:	  
	  	  	  	  May	  16	  —	  June	  25	  
	  	  	  	  4	  day	  setup	  
	  	  	  	  5.5	  weeks	  of	  Physics	  
	  



Electron	  Based	  Ion	  Source	  (EBIS)	  
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Advantages of EBIS:  
q  Increased flexibility to handle the simultaneous needs of RHIC and 

NASA (fast switching between species) 
q   Capability to provide ions not presently available from Tandem, such as 

noble gas ions (for NASA), uranium (RHIC). 
q  Simpler technology, robust, more modern 
q   Elimination of two stripping stages and an 860 m long transport line, 

leading to improved performance (stability, easier tuning). 



3-‐D	  StochasAc	  Cooling	  

2011	  Au-‐Au	  run	  

In	   the	  RHIC	  heavy	   ion	   runs,	  
intrabeam	   sca^er	   (IBS)	  
increases	   bunch	   length	   and	  
transverse	   emi^ances	   and	  
therefore	   it	   reduces	   the	  
luminosity.	  
	  

To	   counter	   IBS	   effect,	  
longitudinal	   StochasAc	  
c o o l i n g 	   w a s 	   fi r s t	  
implemented	   in	   2007.	   In	  
2011,	   longitudinal	   and	  
verAcal	  cooling	  in	  both	  rings	  
became	   operaAonal.	   In	  
2012,	   horizontal	   cooling	  
became	   available	   and	   full	  	  
3-‐D	  are	  operaAonal.	  
	  



Labce:	  Larger	  Momentum	  Aperture	  

2011	  Au-‐Au	  run:	  
Fill	  16025	  with	  cooling	  

Calculated	  off-‐momentum	  
dynamic	  aperture	  

In	  the	  past	  Au-‐Au	  runs,	  large	  beam	  loss	  were	  observed	  at	  RF	  re-‐buckeAng	  and	  in	  
store.	  	  	  The	  beam	  loss	  was	  dominated	  by	  the	  parAcles	  with	  larger	  momentum	  
deviaAon.	  In	  2012	  we	  adopted	  a	  labce	  with	  a	  much	  larger	  momentum	  aperture.	  

2011	  

2012	  



Bunch	  Merging:	  Increasing	  Bunch	  Intensity	  

Bunch	  merging	   in	  Booster	  
and	   AGS	   is	   implemented	  
to	   increase	   RHIC	   bunch	  
intensity.	  	  



Start-‐up	  of	  U-‐U	  Run	  
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RHIC	  Uranium	  Bunch	  Intensity	  	  

Max.	  averaged	  bunch	  intensity	  at	  injecAon:	  
0.34e9/bunch,	  	  Fill	  16857	  

Double	  bunch	  merging	  in	  Booster	  and	  
AGS	  installed	  on	  EVE	  shi\	  of	  May	  12,	  
2012,	  two	  days	  before	  switch	  to	  Cu-‐Au.	  



Luminosity	  with	  StochasAc	  cooling	  

With	   3-‐D	   cooling	   on,	   peak	   luminosity	   far	   exceeds	   the	   iniAal	   luminosity.	  
Integrated	  luminosity	  per	  store	  is	  about	  5	  Ames	  of	  that	  without	  cooling.	  

2012	  RHIC	  U-‐U	  run	  



An	  UlAmate	  Collider	  

Thanks	  to	  enlarged	  off-‐
momentum	   dynamic	  
a p e r t u r e 	   a n d	  
StochasAc	   cooling,	   the	  
beam	   loss	   in	   the	  
Phy s i c s	   s t o r e s	   i s	  
e n A r e l y 	   f r o m	  
luminosity	  burn-‐off.	  

Fill	  16830	  



2012	  U-‐U	  Run	  Journey	  

3-‐D	  stochasAc	  cooling	  on	  in	  both	  ring	  since	  May	  07,	  2012.	  Bunch	  
merging	   installed	   in	   AGS	   on	  May	   12,	   2012.	   The	   2012	   U-‐U	   run	  
store	  Ame	  is	  70%	  of	  the	  calendar	  Ame.	  



Integrated	  Luminosity	  (	  C-‐AD	  )	  

Phenix	  reached	  their	  integrated	  luminosity	  goal	  	  two	  days	  early.	  
Star	  reached	  their	  goal	  just	  before	  the	  beam	  dump	  of	  the	  last	  store.	  



Start-‐up	  of	  Cu-‐Au	  Run	  
TUE	   WED	   THU	   FRI	  
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Pushing	  RHIC	  Bunch	  Intensity	  

q  Au	  	  bunch	  intensity	  improved	  by	  fine	  tuning	  the	  AGS-‐to-‐RHIC	  (AtR	  )	  
transfer	  lines.	  

q  Cu	  bunch	  intensity	  improved	  by	  using	  Neon	  instead	  of	  Argon	  gas	  in	  
EBIS	  and	  fine	  tuning	  AtR	  transfer	  line.	  

Max.	  averaged	  bunch	  intensiWes	  at	  injecWon:	  	  
Cu	  4.51e9,	  Au	  1.26e9	  



Improving	  Ramp	  Efficiency	  

To	  send	  more	  bunch	  intensiAes	  to	  store,	  we	  conAnued	  improving	  the	  
energy	  ramp	  efficiencies	  by	  adjusAng	  chromaAcity	  sebngs,	  applying	  
octupole	  strengths,	  and	  tune	  	  set	  point	  adjustment	  	  on	  the	  ramp.	  

Max.	  averaged	  bunch	  intensiWes	  at	  store:	  	  
	  Cu	  3.75e9,	  Au	  1.19e9	  



Maximizing	  Integrated	  Luminosity	  	  

q  The	   iniAal	  emi^ances	  of	   the	  Cu	  beam	  are	  much	   larger	   than	   the	  yellow	  beam.	  
Also	  StochasAc	   cooling	   speed	   is	   inversely	  proporAonal	   to	   the	  parAcle	  number	  
per	  bunch	  so	  that	  it	  is	  harder	  to	  cool	  Cu	  beam	  than	  Au	  beam.	  	  

q  To	  maximize	  the	  integrated	  luminosity	  we	  applying	  different	  cooling	  rates	  in	  the	  
beginning,	  middle,	  	  and	  end	  of	  a	  	  store.	  

14	  hour-‐long	  store	  



The	  Best	  Cu-‐Au	  Store	  To	  Date	  

52.5kHz	  for	  Phenix	  
(	  Fill	  16978	  )	  



2012	  Cu-‐Au	  Run	  Journey	  

First	   wave	   of	   luminosity	   increase	   comes	   from	   StochasAc	   cooling.	   Second	  
wave	  	  comes	  from	  increased	  bunch	  intensity	  and	  improved	  ramp	  efficiency.	  
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Integrated	  Luminosity	  (	  C-‐AD	  )	  
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Summary	  

q 2012	  U-‐U	  is	  a	  miracle.	  We	  reached	  the	  luminosity	  
goal	  with	  excellent	  StochasAc	  cooling	  although	  the	  
bunch	  intensity	  in	  RHIC	  	  is	  lower	  than	  its	  projecAon.	  

q 2012	  Cu-‐Au	  run	  is	  currently	  running	  above	  opAmisAc	  
projecAons.	   The	   Phenix’s	   integrated	   luminosity	   goal	  
will	   be	   reached	  before	   June	   25	   if	   there	   is	   no	  major	  
machine	  down	  Ame.	  


